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INTRODUCTION
Electricity access is recognized as essential to achieve global development goals [1] [2] [3] . Yet, there are still significant disparities in the way electricity services are provided worldwide. Today, over 1.3 billion people lack electricity access. Most of them live in rural areas of developing countries [4] . Within this global context, national governments face serious challenges to extend electricity services: they need to adopt explicit electrification targets, allocate funds to achieve these targets, and define strategies for effectively delivering electricity services [4] .
In pursuit of universal access, Brazil has developed a well-structured network operating at different levels, which has proven effective in electrifying communities through the extension of the grid. However, to reach dispersed populations in isolated areas of the Brazilian Amazon, where grid extension is not feasible, a different solution is required. About 930 thousand people are still without electricity services in the isolated areas within the region [5] . Off-grid technologies in place have seldom taken advantage of locally available energy sources. This has been the case, despite the strong emphasis that the Brazilian government has given to electrification as a driver for development in the past decade. At the moment, the number of diesel-based power plants with capacity less than 1 MW installed in the Brazilian Amazon is more than ten times that of small scale hydro power plants, despite the abundant hydro potential available [6] .
A number of initiatives have been launched in an effort to bridge the technological gap in the Brazilian Amazon using locally available resources (biomass, water sources and solar radiation) but they have not been systematically implemented [7] . A different model is required for the rural electrification initiative to be fully integrated in the development process of the Amazon region. Such a model should consider off-grid technologies for power generation and locally available resources [6, 8] . Previous experience has shown that the concept of Social Technology can provide a suitable framework to promote the required integration of agents, sources, and technology in the region [9] .
In this paper, we explore the Social Technology concept as a framework to support the current Brazilian rural electrification initiative. The concept provides a different view on how the relationships between resources, technologies and institutions could evolve and promote social inclusion. Social inclusion is seen as the process by which society combats poverty and involuntary exclusion of individuals and groups from political, economic and societal processes [10] . The fact that achieving universal energy access has a significant impact on human development provides a starting point for our analysis [3, 11] . Can Social Technology principles serve to identify concrete tasks to overcome the challenges of universal access in the Amazon? If so, how can they be effectively incorporated into the current Brazilian rural electrification initiative? For the purpose of this analysis, we built a system based on (i) the reality of the Brazilian rural electrification initiative, (ii) the concept of social technology and, (iii) our perception on their interconnections. We use a Causal Loop Diagram (CLD) to visualize the system and analyse cause-and-effect relationships among elements.
The next section provides the background and challenges that the Brazilian government is facing in relation to universal access achievements in isolated areas of the Amazon. In Section 3 we explain the concept of Social Technology and its applicability within the Brazilian context. Section 4 illustrates the dynamics of the system based on the CLD. Finally, we conclude by identifying two concrete actions towards universalization in the Amazon.
THE BACKGROUND AND CHALLENGES OF UNIVERSALIZATION IN THE BRAZILIAN AMAZON
The Brazilian rural electrification program has been developed based on a rural electrification policy that is clearly related to social inclusion and development initiatives [12, 13] . The program was designed and implemented based on a strong recognition of the role that electricity access can play in addressing and achieving development goals. This has been important for the mobilization of political will, definition of policies and allocation of resources to promote full electricity access. The interaction between implementing agents, citizens and well established institutions has been crucial for the materialization of the program. Citizens are considered as a part of the electrification process and not just the ultimate beneficiaries, which leads to the recognition of real needs and actual demand, better dimensioning of the system and a successful implementation [3] .
In terms of technology, the rural electrification program has evolved based on the extension of the electricity network in Brazil, which is highly dependent on large scale hydropower plants. The program has achieved remarkable results in areas close to the grid, and more than 14 million people have been provided with electricity services throughout the country. However, the program faces significant challenges in isolated localities. While the Brazilian rural electrification initiative has created a strong base to effectively provide electricity to non-isolated areas, it still needs to be adjusted in terms of technology and institutions to operate in the context of remote areas of the Amazon region.
Concessionaires, the main providers of electricity in the country, are required to fully supply electricity services to citizens living in their concession area, guaranteeing low tariffs for low-income population [12, 13] . The view of the Brazilian government is that poor households cannot afford electricity access if subsidies are not offered. As a result, there is a strong subsidy scheme in place that combines connection and consumption subsidies. The government provides financial support to the concessionaires in the form of grants and soft loans, and the concessionaires are expected to pass the resources on to the end users in the form of free connections or lower tariffs, once the end user is provided with electricity services. While connection subsidies are one-off benefits that eliminate the price customers pay to connect to the system, consumption subsidies incorporate quantity targets as they operate through the tariff structure as a percentage discount applied to final residential users' bills. Yet, subsidies in place have not been enough to motivate innovative solutions for rural and remote areas.
Concessionaires have not been as crucial for the development of the rural electrification program in isolated areas as they have been in urban and peri-urban areas. In Brazil, 99% of households are provided with electricity services by concessionaires. In the Amazon region, concessionaires supply electricity services to only 62% of the rural households, or about 2.4 million people, through centralized and large-scale systems (see Figure 1 ). About 14% of the rural population of the region, or around 500 thousand people, are supplied through other kinds of organizations using stand-alone or mini-grids, mainly diesel-based, and 24%, or about 930 thousand people, are not supplied at all [5] . Adapted from Gómez [7] A group of new organizations have emerged to supply electricity to isolated communities. Generally, these organizations operate off-grid diesel-based systems during 4 to 5 hours per day, which provide electricity services that do not fulfil national standards [14] . In contrast to concessionaires, a number of decentralized organizations are not officially included in the Brazilian power system. While concessionaires are integrated into the rural electrification program and have access to financial resources in the form of subsidies or soft loans, decentralized organizations are not officially recognized and lack financial support from the Federal government [7] .
The situation has created inefficiency in the provision of electricity to rural and isolated areas. Decentralized organizations co-exist with concessionaires within a context in which a lack of rules prevents the delivery of reliable electricity services. Neither concessionaires nor existing decentralized organizations have proved effective in achieving universal electricity access in the Amazon region. There is a clear deficiency in the implementation, operation, and monitoring processes of off-grid systems and this has prevented the achievement of universal electricity access in the Amazon region. Thus, to achieve universal access in the Amazon, it is necessary to adapt existing delivery structures to appreciate the conditions and specific needs of the rural population in the region [7] .
The Brazilian Amazon region 1 is characterized by a very low population density, that is, about 4 inhabitants per square kilometre in comparison with a national population density of about 22 inhabitants per square kilometre. This highly dispersed population is also characterized by a very low income. These factors together with a complicated topography impose a significant challenge, which entails the need for different technologies to provide electricity in the area [6] . Within this context, the natural question is how to meet the targets of universal electricity access in isolated areas?
It is recognized that renewable technologies can provide increased electricity access in isolated areas of the region [15] . Yet, neither locally and widely available renewable sources nor off-grid technologies have been systematically explored in the Brazilian Amazon. Technologies such as solar photovoltaic, wind power, small hydropower and biodiesel power plants remain as interesting alternatives to be further explored in isolated communities in the region [16] [17] [18] [19] [20] . How contributions from renewable energy technologies can specifically support the provision of electricity access and facilitate development in the region at the same time, as stated in governmental goals, is still a subject of discussion.
SOCIAL TECHNOLOGY: AN INNOVATIVE PERSPECTIVE AND ITS APPLICABILITY TO THE BRAZILIAN CONTEXT
Social Technology has been used in different scenes for different purposes since the end of the 19th century but remains a somewhat elusive concept. Henderson (1901) defined social technology as a system or mechanism adapted to promote the interests of a group in harmony with the interests of a whole community [21] . More recently, and according to the Social Technology Institute (ITS), social technology has been defined as a "range of transforming techniques and methodologies which are developed and/or applied in interaction with communities and absorbed by them, resulting in social inclusion and improvement of quality of life" [22] . Social technology is also defined by the Brazilian Social Technology Network (RTS) 2 as "products, techniques and/or replicable methodologies, developed in interaction with the community and representing effective solutions for social transformation" [23] .
Though the Social Technology movement is a recent initiative, it corresponds to an evolution of the Appropriate Technology Movement (ATM) originally created by Schumacher [24] , drawing upon foundations laid by Gandhi and others. Schumacher argued that only labour-intensive and small-scale technologies could, in a context of poverty, enhance economic development. He also argued that these technologies should be evaluated in terms of its contribution to a process of production and should be beneficial to its users and to the society at large. Schumacher envisioned intermediate technologies as being significantly more productive than the indigenous technology and significantly cheaper than the sophisticated, highly capital-intensive technology of modern industry [24] . The ATM is a well-recognized movement which is related to an extensive network of organizations and implemented projects. It has often been associated with community development. For example, as cited by Akubue [25] , ATM is a "complete systems approach to development that is both self-adaptive and dynamic, because as its users become wealthier and more skilled, they can both afford and also use more expensive technical means". In 1984, information on more than 300 organizations working on the implementation and diffusion of appropriate technologies in developing and in industrialized economies was compiled and organized in a Directory by Jéquier, N. and Blanc, G. [26] .
The ATM peaked in the 1970s. However, it was during the end of the 1980s that the movement started to decline in prominence and only few groups survived until the 2000s [27] . One example of these organizations is the Intermediate Technology Development Group (ITDG), founded by Schumacher and colleagues in 1966 and now called Practical Action, which today still provides systematized information related to intermediate technologies [28] . One possible reason for the decline of the ATM is related to a shortcoming in Schumacher's framework: the implementation of appropriate technologies required active participation from actors who should systematically apply new ideas to production rather than producing by acquiring the technology from others. Yet, appropriate technologies struggled to induce innovation dynamics and capabilities beyond the solution of basic needs and specific production problems [27, 29] . As a result, new movements such as Social Technology emerged.
In general, Social Technology implies thinking and developing technologies, from design to implementation, considering social inclusion goals. As a result, the implementation of social technologies creates significant social impacts, particularly important for less developed regions. In this sense, social technology conveys a conceptual framework that incorporates multidisciplinary cooperation, local resources, and knowledge to the implementation of off-grid technologies.
The concept of Social Technology incorporates a new way of conceiving technology in which active participation of a number of agents such as the state, the community, the academia and social movements are crucial. It recognizes that different actors can propose different methods to implement such systems depending on the context in which they evolve. In this sense, technology cannot be thought of as simple equipment that is designed in one place by some actors and implemented in another by other agents. Alternatively, technologies should be designed and implemented considering processes developed at the place where they will be used and by the actors who will use it [30] . This creates a positive impact at local level in terms of technology uses, resources utilization and social dynamics. Social Technology is not normative. Instead, it emphasizes the relevance of diverse methodologies or paths that can be followed in order to set up technology systems which are locally planned and implemented. In this sense, Social Technology encompasses four main dimensions (See Figure 2 ): (i) Technology, (ii) Local Knowledge, (iii) Society and Environment, and (iv) Participatory Processes [31, 32] .
The Brazilian Institute of Social Technology (ITS) highlights the relevance of considering these dimensions from planning to implementation and evaluation of a technology [33] . But the recognition of these dimensions implies a strong commitment to social transformation and environment protection and the need for organizing and systematizing local knowledge, implementing accessible and appropriate technologies, and permanently relying on participatory processes that involve all stakeholders.
It is important to emphasize that technology design, planning, implementation and evaluation are not neutral processes. They imply a number of socio-environmental impacts that need to be assessed. Notice that, as represented in Figure 2 , the dimensions of Local Knowledge and Society and Environment are essential for implementing successful social technologies. If these dimensions are not considered, the system collapses. At the same time, these dimensions are connected by strong linkages that are often disregarded. For example, the implementation of an off-grid technology such as a small-scale biodiesel power plant to provide electricity services has implications in terms of local knowledge as it involves collecting local seeds that have diverse uses -well known by local communities -that can adversely affect the ecosystem if not properly collected and considered from the beginning of the process. However, the same seeds can provide a new income source if they are used to produce not only electricity services but also final products such as essential oils highly appreciated in the market. In this case, a complementary technology to extract oil and a new design are required. For that, Participatory Processes -another key dimension of Social Technology -are instrumental as they motivate not only knowledge-building based on local acquaintance but also autonomous decision-making process. Clearly, the absence of one of the identified dimensions implies a failure in the materialization of the Social Technology concept. In addition, Social Technology implementation requires continuous and active participation from governmental institutions and other social agents such as communities, Non-governmental Organizations (NGOs), cooperatives and universities. In general, public and private sectors play a role and potential solutions can result in the adaptation or creation of technologies according to communities' interests, in an autonomous process [30] . Accordingly, communities are seen as essential actors who should take part in the process of promoting their own projects through identification of their energy needs and active participation in decision-making processes.
Social Technology also implies accessibility and appropriation of diverse technologies. On the one hand, accessibility is about ensuring a technology that can be used by the rural communities. Low cost and low complexity, though not indispensable, are factors that can facilitate access. On the other hand, appropriation is understood as the process through which communities incorporate new aspects to their knowledge base including the social connotation of a technology.
In Brazil, the Social Technology movement has gained importance through institutions such as the Brazilian Reference Centre on Social Technology (CBRTS) 3 and the Foundation Bank of Brazil (FBB). The latter has played a key role in the enhancement of social technologies through the mobilization of NGOs, universities, state governments, municipalities, foundations and institutes throughout the country. FFB aims at identifying, certifying, rewarding and disseminating social technologies which are already implemented at the local, regional or national level and are effective in addressing issues related to food, education, energy, housing, environment, water resources, income and health [34] . The Foundation created the Bank of Social Technologies (BTS) to have a record of successful solutions in diverse areas.
In addition, ITS has identified the main implications of social technologies in connection with each key dimension. These implications help the understanding of the concept and its practical application. They are also the foundation of a Monitoring System of Social Technologies (Satecs) 4 that has been used in Brazil to follow up diverse social technology projects in the complex context of Brazilian communities [22] . Table 1 summarizes the rationale behind each of the implications which we use to analyse the potential of social technologies to overcome identified shortcomings in the Brazilian rural electrification initiative [31, 32] .
In essence, the concept of Social Technology is based on a strong commitment towards social inclusion. The recognition of the social technologies as drivers for social inclusion and communities' development is one of the reasons why they are frequently related to small-scale and productive applications, the latter being mainly directed towards the local market and having the potential to enhance the creativity of local producers [30] . This is particularly important for electricity access programs since it provides a way for ensuring the sustainability of rural electrification projects through income generation activities that can help to cover the cost of the provided services. For example, BTS has promoted the dissemination of knowledge and experiences that have a positive social impact. Specifically in the field of energy, there are already a number of initiatives throughout Brazil [9] . One of them is implemented in Fortaleza. In this city, limited and expensive access to electricity services created the need for a reliable energy supply system to produce high quality fruits and vegetables and improve irrigation practices. The use of a solar-energy based technology for production of fruits and vegetables has resulted not only in reduced electricity consumption but also in a more rational use of land in the area. Farmers were trained in the techniques of irrigation and finally they obtained an increased production and family income, diversified crops, and improved health. Rural exodus was also reduced. To achieve such results, free flow of information, an atmosphere of cooperation, and effective community participation in planning, monitoring and evaluation were promoted through the implementation of the social technology concept [30, 35] . Surprisingly, there is just one implemented social technology (a solar wood-drying system) in the Brazilian Amazon [9] . This indicates a major potential for social technologies implementation in the region.
Experiences on the application of Social Technology concept have shown that harmonization with the regional context implies considering not only local resources and realities but also the integration of various members of the society in the design, implementation and operation of small-scale technologies [9] . Sources: [31, 32] 
ELECTRICITY ACCESS AND SOCIAL TECHNOLOGY: THE DYNAMICS OF THE SYSTEM
This section introduces a system in which the reality of the rural electrification initiative in Brazil is combined with our perception on Social Technology principles in order to propose concrete actions to achieve universalization in the country. We understand a system as a set of elements that satisfy three conditions: i) the behaviour of each element has an effect on the behaviour of the whole; ii) the behaviour of the elements and their effect on the whole are interdependent and iii) elements of the system are so connected that independent sub-groups of them cannot be formed [36] . In this case, we built a system based on elements of the Brazilian rural electrification program which are already in place and combined them with key elements of the Social Technology concept. In this system, the actual gap in electricity access reinforces the need for improved institutions (i.e. NGOs, concessionaires, etc.) and a better use of energy resources and technologies to effectively implement rural electrification projects in isolated areas.
The Causal Loop Diagram
The Causal Loop Diagram (CLD) is an analytical tool used in system dynamics to develop understanding and facilitate the analysis of complex systems. The CLD helps to visualize the system and analyse cause-effect relationships among elements. In this way, it enables the identification of potential actions to modify the system in order to achieve desired goals [37] .
One advantage of the CLD is that it illustrates interactions that are difficult to verbally describe such as circular chains of cause-and-effect [38] . While CLDs cannot be used as a conceptualizing tool because they lack organizing power required to represent decision-making processes, they can be used as an analytical tool to provide an overview of a given system's behaviour [39] . CLD is thus an important tool to: (i) capture the structure of a system, (ii) provide an overview of loop configurations to analyse the system behaviour, and (iii) communicate important feedbacks claimed to have the potential to solve an identified problem [39, 40] . For the purpose of this analysis, we built a system based on (i) the reality of the Brazilian rural electrification initiative; (ii) the concept of social technology and, (iii) our perception on their interconnections. Figure 3 shows the resulting CLD. Components in blue correspond to key elements of the rural electrification program which are already in place. Components in red illustrate key elements of the Social Technology concept.
The Brazilian rural electrification policy has a strong orientation towards social inclusion (Element Social Inclusion) and has relied on a highly subsidized scheme that includes both connection (Element Connection subsidies) and consumption subsidies (Element Consumption subsidies). The highly centralized rural electrification program has successfully used the concession model to provide electricity to more than 14 million inhabitants but there is an identified need for adapting the existing institutional structures on the implementation side (Element Implementing Institutions) and promoting local resource-based technologies (Element Energy Technology) and resources (Element Energy Resources) to appreciate the conditions and specific needs of the rural and isolated population in the Amazon [3, 6] . 
Causal Links
Causal links indicate how elements interact with each other within a system. They are illustrated by unidirectional arrows and complemented with positive or negative signs. A positive sign indicates a reinforcing effect, in which a change in the element "X" produces a change in element "Y" in the same direction. Meaning, an increment in "X" implies an increment in "Y" or a reduction in "X" implies a decrease in "Y". In contrast, a negative sign shows a balancing effect, in which a change in "X" produces a change in "Y" in the opposite direction. Meaning, "Y" decreases if "X" increases and vice-versa. Thus, interactions between the elements can create balancing (-) or reinforcing (+) effects [38, 41] . For example, an increase in Electricity Access is directly related to an improvement in Social Inclusion, which illustrates a reinforcing effect. On the other hand, a reduction in Electricity Price is directly related to an increase of Electricity Consumption, which illustrates a balancing effect. It is important to observe that arrows imply direction of causation and not a time sequence, in which a causal link connecting "X" to "Y" means that when "X" increases, so does "Y" instead of something needs to happen first on "X" before having an effect on "Y" [36, 38] .
Balancing and reinforcing causal loops
Once the elements of the system are recognized, and the positive or negative connections are allocated to each element, a number of balancing and reinforcing loops can be identified. Consider for example, the Gap in Electricity Access element presented in Figure 3 . This element enforces the need for Implementing Institutions and, continuing in the diagram, we see that Implementing Institutions influences Electricity Access which in turn influences Gap in electricity access. In this way the element Gap in electricity access influences itself, creating a feedback loop or a causal loop.
Causal loops can be either balancing or reinforcing. Balancing loops, as it is the case of the example just described, are associated with solving a problem or achieving a goal. It is important to mention that balancing loops can be very powerful and create a system averse to changes and a quite rigid structure. Balancing loops provide stability to a system regulating its dynamics. In reinforcing loops, the interactions are such that each action adds to the other. These loops are important because they can lead to growth or decay of the system at an ever-increasing rate in a reinforcing process similar to snow balls rolling downhill. However, they can be misleading as they can be perceived as a slow process during its early stages of development, but then their growth speeds up exponentially. As a result, reinforcing loops can lead to late reactions and ineffective decision-making processes [38] . Figure 3 also provides an example of a reinforcing loop. Consider the Implementing Institutions element. We see in the diagram that this element influences Participatory processes. Thus, there is a causal link that indicates that Implementing Institutions are associated to the development of Participatory Processes. We also see that Participatory Processes influences Autonomous Communities, which in turn influences Implementing Institutions. In this way, the diagram has served to illustrate and identify a reinforcing causal loop in which Participatory Processes influence positively Implementing Institutions via Autonomous Communities.
The analysis of the CLD shown in Figure 3 provided 15 causal loops of which nine are balancing and six are reinforcing loops. Each causal loop is made up from two up to seven elements. In order to simplify the number of causal loops being presented in Table 2 , smaller balancing and reinforcing loops were omitted and used only to provide information to enrich the discussion. For balancing loops, four small loops containing between two and four elements were omitted. In the case of reinforcing loops, four small loops containing less than three elements were omitted. Table 2 shows selected balancing and reinforcing loops. They are grouped into three categories according to their influence on elements initially foreseen as having the potential to bridge the gap in electricity access. These key elements are shown in Figure 3 : implementing institutions, energy resources and energy technologies. Balancing loops considering Implementing and Funding Institutions were grouped under the category Institutions. There was only one balancing loop considering Energy Resources which was assigned to the category with the same name. Balancing loops including Energy Technology were also clustered under a category with the same name (Energy Technology). Finally, reinforcing loops were aggregated under the category Institutions. Figure 4 illustrates the first category within balancing forces in our system. The figure comprises two balancing loops. Note that none of the elements covered by Social Technology appears in the figure as it shows only elements considering the reality of the Brazilian rural electrification initiative, indicated in blue. Figure 4 also shows how Implementing and Funding institutions are interconnected in order to achieve national electricity access goals. In Brazil, the main implementing institutions within the rural electrification program are the concessionaires. They have been instrumental to develop rural electrification projects. The Brazilian government provides financial support to concessionaires in the form of grants and soft loans, and concessionaires are expected to pass the resources on to the end users in the form of connection subsidies or lower tariffs, once the end user is provided with electricity services. Funding institutions includes federal government, state governments and concessionaires who are expected to provide about 75%, 10% and 15% of the required funds respectively [7] . In short, Figure 4 shows the direct connection between Funding Institutions and Energy Technology to provide electricity access. In fact, the Brazilian government has allocated significant resources that have mainly assisted the extension of the grid. We have already mentioned that this specific technology has enabled the provision of electricity to more than 14 million people in the country and that concessionaires have acted as the main implementing institutions. Yet, because their action is driven by the size of the gap in electricity access, there is a natural tendency for concessionaires' action to decline as the desired goal is closer to its fulfilment. This tendency accounts for the fact that as projects approach completion it seems to be more and more difficult to make progress towards accomplishment. To compensate this tendency, the motivation for action should come from loops that are not directly connected to the gap [42] . Such is the case of isolated areas, where the "last mile" paradox gains importance and adds to the uniqueness of the region in increasing challenges for universalization. Thus, this loop provides valuable information as it confirms key achievements of the actual rural electrification initiative and promotes the exploration of new loops in search for concrete actions towards universal access in the Amazon.
The second category within balancing forces in the system corresponds to energy resources and it is illustrated in Figure 5 . This loop provides new information as it includes two important elements of the Social Technology concept, Local Knowledge and Participatory Processes, and connects them to Energy Resources within the context of the actual Brazilian rural electrification initiative. In Brazil, the national electricity system has a strong dependency on hydro power resources which are widely available in the country. The interconnected national network comprises more than 89 thousand kilometres of transmission lines connected to 97% of the national installed power generation capacity. This system partially provides electricity to the Amazon region. The region is mainly supplied through local large-scale diesel-based systems that are not linked to the national interconnected network but that have served as the basis for further grid extension to electrify peripheral areas under a centralized scheme. Actions taken to promote the extension of the grid have promoted a decrease in the electricity access gap. However, there are limits to the growth of the grid imposed not only by economic factors but also by natural barriers and particular topography in isolated areas. The figure shows a reinforcing connection between energy technologies and resources in which the use of different Energy Resources is directly connected to an increase in the types of Energy Technologies that are required to provide electricity access. While the actual rural electrification program has given priority to the grid-extension and, consequently, has supported large-scale technologies, Social Technology stands for small-scale technologies based on local resources. The large variety of renewable resources in the Amazon could be harnessed by a number of small scale renewable technologies which are already well established in other parts of the country. But knowledge on those resources is required to effectively implement small-scale power generation projects. Figure 5 shows that Local Knowledge can be reinforced through participatory processes which can in turn be influenced by Implementing Institutions. Having a strong presence in the region, implementing institutions such as concessionaires can play a significant role in the development of community-based projects. Yet, their actions need to be complemented by new agents and innovative practices as suggested by Social Technology principles. It is important to mention that information provided by Figure 5 needs to be complemented with new elements shown in Figure 6 to build a deeper understanding of the system. It is important to state that, for the purpose of our analysis, local knowledge includes (i) traditional knowledge which is based on local communities and (ii) technical, expert, or academic knowledge which is based on research institutes, technology developers, NGOs and other specialized institutions acting in the region.
On the one hand, significant knowledge of renewable resources and their use which is needed to implement certain energy technologies is in the hands of local communities and is the result of ancient traditions. At the same time, local agents such as universities have precious information on the potential of new technologies for particular locations. Concessionaires, cooperatives and NGOs who have been active in the area have knowledge on energy consumption patterns of some communities living in isolated areas. This local knowledge can have a direct impact on the implementation of adapted small-scale renewable energy technologies based on local resources that are often unknown to outsiders. On the other hand, agents such as private entrepreneurs who are already interested in the region, but have not been formally involved in the rural electrification initiative, have knowledge not only on the technical implementation of specific technologies but also on the implementation of models that have proven able to provide electricity access in isolated areas. They can provide opportunities to accelerate electricity access through innovative practices. It is clear that in any case, a participatory process is required to channel existent knowledge towards effective implementation of energy technologies to provide electricity access.
In contrast with the centralized grid extension model, small-scale technologies are capable of harnessing a large variety of renewable resources which are available in the Amazon. At the same time, these technologies could protect the sensitive ecosystem by reducing harmful greenhouse gas emissions that originated in the current diesel-based model. The recognition of the need for this type of technologies is not new. A study conducted by the Global Network on Energy for Sustainable Development (GNESD) identified renewable based technologies providing off-grid electricity as having a significant potential for poverty alleviation contrasting with the traditional centralized grid-based systems [1] . In Brazil, the national government has already included the implementation of off-grid renewable-energy based technologies in its updated plan for rural electrification in isolated areas [15] . Thus, it is generally accepted that the implementation of these technologies has the potential to not only facilitate specific electricity access solutions in the form of small-scale, off-grid and renewable-energy-based power generation systems but also allow universalization goals in the region.
Though not fully quantified and characterized, a number of opportunities have been already identified and there is a number of technologies that are being tested in the Amazon region in the form of pilot projects. These projects have been promoted by governmental and research institutes, with participation from concessionaires and communities and are still under evaluation [6] . This shows a significant improvement on the way towards universalization in isolated areas. Clearly, the required change has started with the governmental recognition of the need for renewable technologies and some rules are already in place [15] . However, the implementation of small-scale technologies based on local resources considering local knowledge does not per se guarantee overcoming current challenges.
Balancing causal loops previously analysed considered elements included in the actual rural electrification initiative and in the Social Technology concept. All of them include the Gap in Electricity Access. As a result, they cannot provide suggestions on specific actions to accelerate the process to achieve universal access in Brazil. Yet, they provided important insight for our analysis. We have seen that the influence of traditional practices such as the extension of the grid and the use of imported diesel fuel, have created a very rigid structure in the Amazon region, highly resistant to change. To compensate such a rigid structure, the motivation for action must come from loops that are not directly connected to the gap in electricity access [42] . Such a loop is presented in next section and provides the basis for the identification of concrete actions towards universalization in the Amazon. Once again, Local Knowledge appears as one of the key elements of the system. Figure  7 shows that this element can influence Implementing Institutions based on Participatory Processes, via Innovative Practices. We have seen that the actual rural electrification initiative strongly relies on a centralized approach led by concessionaires on the implementation side. Figure 7 suggests that implementing institutions should adapt to local realities and knowledge. On the one hand, the adaptation process of these institutions has to face three important obstacles: (i) knowledge is dynamic, (ii) knowledge tends to be heterogeneous among local communities, and (iii) the inclusion of local knowledge in natural resources management is at an early stage and needs to be developed further [43] . On the other hand, there is already an important body of local knowledge based in the region which is generally unwritten and often preserved unsystematically which makes it useless for policy makers, planners or potential implementers. Lack of systematized local knowledge can prevent agreements among the agents who make up the system and threaten potential solutions. In the Brazilian Amazon, knowledge held by different agents has not been gathered and managed to support decision-making and planning of rural electrification programs. For example, a recent experience in the state of Pará led to unexpected results as the oil seed that was projected to be used to produce biodiesel was instead sold by the natives to the pharmaceutical industry. The view of rural communities was that the seed was more valuable as a raw material to be sold to the industry than as an energy resource. Clearly, project leaders had another view and did not consider local knowledge during the design of the project 5 . The development of local knowledge systematization practices could be perceived as a slow process and it is important to remember that in this case, Local Knowledge is part of a reinforcing loop, that is, it could also foster a significant growth of the system. If this condition is not recognized, it could lead to late reactions.
ELECTRICITY ACCESS AND SOCIAL TECHNOLOGY: CONCRETE ACTIONS TOWARDS UNIVERSALIZATION IN THE BRAZILIAN AMAZON
In this context, the current Brazilian rural electrification initiative lacks concrete actions to use and promote the systematization of existing local knowledge other than that related to the extension of the grid. So far, contact between rural electrification implementers, in this case concessionaires and communities, has been limited to the identification of the demand for electricity services [3] . This has been crucial for incorporating local energy needs into the planning and decision making processes at concessionaire levels but wide local knowledge on indigenous energy resources and the way they could be used has not been explored yet.
Sharing existing knowledge among very disparate actors implies not only systematization but also the establishment of communication channels and methods that enable people to optimize the use of their knowledge, promote collaborative efforts, and provide support to decision makers. Newspapers, radio, books, the Internet, and training workshops are good examples of communication channels. Information and Communication Technologies (ICTs) have proven effective to incorporate the existing knowledge within the community, their values or their culture. Previous experiences in Bolivia, Perú, Ecuador and Uganda are good examples of the use of ICTs as tools not only for systematizing but also for sharing and building knowledge. Rural communities in those countries have used self-managed audio-visual documentation, online agricultural information systems, websites and tele-centres and photographic documentation as communication channels for raising awareness about their activities with the help of radio, cell phones, the Internet and other technical supports [44] . Nevertheless, conversation and discussion, that is, inter-personal communication has played an essential role to achieve effective communication in rural communities where electricity is not yet available [45] . Ideally, communities should discuss the problems facing their particular interests and the information needed to support action and establish rules to solve the identified problems [46] . Other agents involved in the electrification process should also contribute to the discussion. However, they have different interests that are not only dynamic but sometimes contradictory and there is evidence on the fact that their capacity to articulate and enforce consistent rules to achieve common objectives is frequently limited [47] . Thus, appropriate communication channels must be established not only to develop effective knowledge basis but also to facilitate the required agreements and build up a complex set of rules that is unavoidably linked to the implementation of rural electrification projects.
Implementing and promoting appropriate communication channels imply serious challenges particularly within a context such as the Amazon region in which diversity is the norm. A significant number of institutions which are active in rural areas tend to favour hierarchical and undifferentiated communication to rural beneficiaries of different services [48] . Also, the working environment in public agencies often does not allow communication skills to be developed or implemented. Further, long distances make face-to-face communication difficult [48] . Consequently, it is central to identify what kind of information needs to be communicated and who the participants in the process are in order to propose strategies for the creation of particular communication channels that benefit all of them. A number of common practices and tools are already available for this purpose. Interactive maps, Geographical Information Systems (GIS) and content management systems are some of the possible ways to map, collect, present and analyse local knowledge [49, 50] . For example, GIS can be used to integrate local knowledge and renewable resources into the rural electrification program enabling its systematic evaluation across communities, companies, academia and NGOs.
There are also a number of methodologies for formally representing qualitative knowledge. For instance, Dixon et al. (2001) have created a methodology to acquire and represent knowledge from communities living in rural areas. The methodology has been used in Africa, Asia and Latin America and it is based on the premise that most knowledge can be broken down into short statements and associated taxonomies of the terms that are used in them. These can then be represented on a computer as a knowledge base using a formal grammar and a series of hierarchies of terms. Connections amongst statements can be explored by viewing sets of related statements as diagrams [51] . In other contexts, mathematical models have demonstrated the convenience of using software tools to find solutions to cases of public infrastructure that had remained unresolved for a number of years [52] .
In short, the transition to a more local-knowledge-driven system is directly connected to the ability of institutions to engage in continuous participatory processes. Figure 7 shows that as Participatory processes are enhanced, Local knowledge will help to reinforce Innovative practices that will definitively have a positive effect on Implementing Institutions. Participatory processes facilitate communication among communities, formal and informal organizations and public institutions and enhance their interaction in such a way that they turn their knowledge into a valuable resource for all participants and provide an opportunity to design innovative solutions. For that, it is crucial to agree on what is important to know, communicate and share in order to achieve the common goal of electricity access. How can this information be systematized? What are the challenges in terms of technology and resources? What knowledge and experiences are relevant for the process? Local actors interacting through participatory activities are central and transversal to find possible answers to these questions. Participatory processes link resources, technology, and knowledge to actions. As a result, actions are more likely to be effective if all the agents in a community develop a clear and common understanding of their needs and possible solutions. In such a way, the involvement of all the stakeholders in the process of providing electricity access allows the appropriation of local knowledge and the encouragement of new institutional models in which organizations and individuals who have acted informally can be integrated.
CONCLUDING REMARKS
The Brazilian rural electrification achievements are connected to an important socio-economic transformation. Social inclusion goals have been incorporated into the national electrification policy and there is already evidence of the effectiveness of this policy to foster development, despite a plausible time lag between the electricity provision and the social impacts inherent to development [3, 53] . However, the rural electrification initiative has been developed under a very centralized scheme in which local realities have been left aside and not been systematically addressed. There is a need for improved institutions and a better use of energy resources and technologies.
The concept of Social Technology incorporates a new way of conceiving how the relationships between institutions, resources and technology could evolve in the Amazon region. It considers local realities and active participation of a number of agents such as the state, the community, the academia and social movements. This analysis has shown that Social Technology principles can help to identify concrete actions and provide effective responses to the actual shortcoming that the Brazilian rural electrification initiative is facing. There is already a strong political will towards a social transformation that has led to significant development achievements and this could be the first step towards the adoption of Social Technology premises. Yet, additional and significant efforts are required to incorporate the Social Technology concept to the program.
Based on the CLD analysis, an extensive literature review and the collection of in-situ evidence in the form of structured observations and semi-structured interviews [7] , we argue that (i) there is a need for systematizing existent local-based knowledge in order to create a formalized and common understanding basis to face current electrification challenges in the Amazon and (ii) it is also necessary to establish effective communication systems in order to share that knowledge and effectively design, install and operate renewable and small-scale energy technologies. Figure 8 presents these two concrete actions in relation to the Social Technology concept. The number and the diversity of the involved agents imply complex interconnections and entail significant coordination to propose effective solutions. A new model in which local institutions and communities are better placed to share their knowledge is required. However, the model implies the involvement of new actors who have a better knowledge of local conditions and this adds to the complexity of the system. As a result, participatory activities emerge as crucial and transversal elements fostering possible solutions and providing the means to put in place the required actions. The Social Technology concept has the potential to enhance the identification of concrete actions to overcome the challenges that Brazil is facing in connection to its rural electrification initiative. Now, the time has come for a more robust involvement of local communities, academia, NGOs, and private entrepreneurs within the rural electrification initiative. All these agents can contribute with their particular knowledge to materialize a well-structured rural electrification program with tangible solutions for the isolated areas of the Amazon region. Giving voice to those who need the solutions and have deep knowledge of their own reality is of paramount importance to put in place innovative practices. Yet, the role of the government at central and local levels is still decisive to create the appropriate environment to materialize this transformation.
